The EORTC Quality of Life Core Questionnaire QLQ-C30 is widely used, but no reference values are available for patients receiving HSCT. We retrieved data for 38 samples from 33 papers in English and German that provided evaluable information on QLQ-C30 scores (mean, s.d.) covering about 2800 patients. Results are presented as a table that provides reference data that allow QLQ-C30 scores at different points during the disease trajectory to be put in context. With respect to their central tendency and their variance, scores vary over time. Quality of life is lowest during inpatient time. About 1 year after HSCT, the pre-transplant level is reached. Physical functioning is the scale reaching the highest level of all scales. Fatigue, dyspnoea and insomnia are symptoms that remain at an elevated level and should thus be considered as persisting problems after HSCT. For the interpretation of differences between scores, a very conservative recommendation would be to set the s.d. at 30 points. Doing so, one could be quite sure of having found a clinically significant change if the difference of two scores exceeds 15 points. Differences below 5 points should be interpreted with caution.
Introduction
The concept of health-related quality of life (HRQoL) has gained much interest during the last decades and is considered a second endpoint (besides survival time) for evaluation following cancer treatment. Several instruments measuring HRQoL are applied in the field of oncology, with the 'European Organization for Research and Treatment of Cancer' (EORTC) Quality of Life Core Questionnaire QLQ-C30 1 being the instrument most frequently used. This questionnaire is most often implemented in clinical trials 2 and is the current standard in measuring HRQoL in Europe. 3 This review will focus on the QLQ-C30 in the field of haematopoietic stem cell transplantation (HSCT).
The development of the EORTC questionnaire started in the 1980s, 4 with its current version being 3.0. The QLQ-C30 is a 30-item instrument and has been extensively tested for reliability and validity. It has been translated into 81 languages (http://groups.eortc.be/qol/questionnaires_ qlqc30.htm; 15 accessed June 2010). In addition to the generic tool of HRQoL, several disease-specific modules have been added, for example, for lung or breast cancer. The module added for high-dose chemotherapy (QLQ-HDC29) has recently passed the study phase 3. 5 The QLQ-C30 addresses six multi-item scales of functioning (physical, role, social, emotional and cognitive functioning, global health). Furthermore, three multi-item scales (fatigue, nausea and vomiting, pain) as well as six single items (dyspnoea, constipation, sleeping problems, appetite loss, diarrhoea, financial problems) are related to symptoms or problems. In the current version (for a specimen see http://groups.eortc.be/qol/downloads/modules/ specimen_20qlq_c30.pdf; accessed 15 June 2010), 28 of 30 items are measured by a four-point Likert-type scale (1 ¼ not at all, 2 ¼ a little bit, 3 ¼ quite a bit, 4 ¼ very much), with the two remaining items, addressing global physical health and global quality of life, being measured by a seven-point scale.
The raw scores for all multi-and single-item scales are linearly transformed to 0-to-100-scales, with '100' reflecting highest functioning or highest symptomatology, respectively. 6 For clinicians and researchers alike, the question is how to interpret these scores gained from the QLQ-C30. Sloan et al. 7 have given an overview of different strategies to approach this question.
Norms to interpret QLQ-C30 raw scores can be found for a limited number of distinct subgroups, derived from representative surveys. Such norms are available for women in Denmark, 8 as well as for the general population in Norway, 9 Sweden 10 and Germany. 11 However, Fayers 12 remarks that there are considerable discrepancies between normative data from Germany and the Scandinavian countries for different age groups. He concludes that there seem to be intercultural differences between different countries. If no representative, that is, culture-independent national data are available, it could be problematic to compare one's results with normative data from another country. For example, Bieri et al. 13 and Hendriks and Schouten 14 compared their data drawn from samples in Switzerland and the Netherlands, respectively, to the Norwegian population, 9 whereas Goodman et al. 15 compared their data from the United States of America to the German population. 11 Regarding the study by Bieri et al., 13 the question arises whether the data from German (normative) would have been more suitable for a comparison than the Norwegian data. The EORTC Quality of Life Group provides reference values for QLQ-C30 items and scales according to the main cancer sites. 16 Unfortunately no reference values for patients treated with high-dose chemotherapy and HSCT have been provided yet. This review summarizes available data on QLQ-C30 scores (mean, s.d.), gathered from published studies on HSCT (German and English publications). Our aim is to provide reference values for researchers in the field who use the QLQ-C30 in the treatment of HSCT patients.
Methods
Several databases (MedLine, PubMed, Psyndex), and Google Scholar beta (http://scholar.google.de/), were scanned by keywords ('QLQ-C30', 'marrow,' or 'stem cell' and 'transplantation') and reference lists were examined for further relevant citations. The identified publications were screened and its data were included if the study published adhered to the following three criteria: the QLQ-C30 was used; the patients examined had received autologous or allogeneic HSCT and results for all or some of the QLQ-C30 scales were reported. We identified 43 papers fulfilling the criteria; 34 papers were subjected to our final review, with nine papers being excluded.
Nine studies were excluded owing to either amalgamation of items from the QLQ-C30 with items from other sources, a change in the wording, [17] [18] [19] calculation of scores not following the EORTC recommendations, 17, 18, 20 insufficient report of scores (as medians or as graphics only), [21] [22] [23] [24] and one showed correlations of the QLQ-C30 with other instruments, but no descriptive values for the QLQ-C30 itself. 25 In 34 papers arithmetic means (and to a lesser extent s.d.s) for QLQ-C30 scales were reported. [13] [14] [15] In most instances, the data used had been published in scientific journals. Data were retrieved from dissertations 29, 32 and a monograph 36 for three German papers. We retrieved information regarding the country in which the study took place; the total number of cases included in each sample, and the number of cases split for allogeneic and autologous transplants; the percentage of males in the sample; the mean, median and/or range of age at transplant or at follow-up; diagnoses (categorized into four groups, namely acute leukaemia, chronic myeloid leukaemia, other haematological diseases and solid tumours); the version of the QLQ-C30 in use; and arithmetic means and-if availables.d.s for each scale of the QLQ-C30 (mean and s.d.s rounded to the next integer).
In 13 of the 34 papers data for repeated measures were provided. 14, [26] [27] [28] [29] 32, 34, 35, [37] [38] [39] [40] 43 31 because this sample was pooled with data from two other study centres and published separately. 33 The working group of Hjermstad reported QoL data for their patients before HSCT twice 26, 27 We analysed the data for the time before HSCT from the second study, 27 that is, we excluded the four distinguishable samples from the first study 26 for the time before HSCT because these samples were pooled for the report in the second study. 27 Both studies provided data at 1 year 26 and 3-5 years 27 after HSCT. We treated the data provided by the working group of Kopp 42, 56 as data stemming from three samples. The two samples described in the first paper 42 are definitely separate. The patients covered in the sample in the second paper 56 are probably a subgroup from the two samples in the first paper (not referenced in the later one) being interviewed 5 years after the first interview. We included this small sample because we did not want to lose the data on this long-term followup. Thus, samples for our further analyses were extracted from 33 papers.
The sample sizes we will refer to are not identical with the sizes of the samples covered in the papers in total. Some papers compare transplant patients to patients receiving conventional chemotherapy; for example, Messerer et al. 53 report on 419 AML patients of whom 121 received HSCT, 121 being the sample size that will be relevant for our purpose in this case. Other papers report on disparate samples, for example, Kopp et al. 42 performed a crosssectional study and interviewed 56 patients after HSCT. They divided their sample in two subsamples of 15 and 41 patients who had received HSCT in the last 12 months or more than 12 months ago, respectively. QLQ-C30 data were reported for these two groups, so the sample sizes of 15 and 41 will be relevant. Thus, our procedure may foster the impression that sample sizes in the field are small in general, but they are not necessarily so.
We assigned the samples to seven categories, categorized by time of data collection in relation to HSCT: before transplantation, during inpatient stay after HSCT, at discharge after HSCT, up to 6 months after HSCT, 7-12 months after HSCT, more than 1 up to 3 years after HSCT and more than 3 years after HSCT. The assignment of a sample to one of these categories was based on the average time reported in the studies. With respect to these QLQ-C30 in HSCT N Grulke et al seven categories we were able to derive 67 samples from the 33 papers providing arithmetic means for at least one of the 15 QLQ-C30 scales. S.d.s are given for 55 of these samples.
The information on QLQ-C30 scores was summarized as described in the following sections. Results referring to arithmetic means: For each of the seven measure points and each of the 15 QLQ-C30 scales, we calculated unweighted means and medians, as well as means and medians weighted by sample size for the numbers provided. This resulted in four matrices with 7 by 15 ¼ 105 entries. We compared the matrix covering unweighted means with the matrix covering weighted means, and correspondingly for medians; analogously, we compared unweighted means with unweighted medians, and correspondingly for weighted means and medians. These four comparisons were arithmetically performed as the calculation of the mean of the 105 absolute differences. For example, the comparison of unweighted means with unweighted medians resulted in an average absolute difference of 1.1; in three of the 105 cases the difference exceeded 4 points (4.3, 4.5 and 6.2). The mean differences for the other three comparisons were 1.7, 2.1 and 2.7. In the latter case (comparing weighted and unweighted medians) eight differences above 4 points (maximum observed difference 20.5) occurred with the measure point during inpatient time, thus increasing the overall mean difference. The fact that the values are based on only two samples with different sample sizes is decisive for the difference between the weighted and unweighted medians. In view of this, we based our further analyses on the unweighted arithmetic means that were reported for the different samples. Doing so has the further advantage that data to come, that is, arithmetic means, could easily be included in the calculation for updated reference scores.
Results referring to standard deviations. Analogously to the previous step, we analysed the s.d.s provided. We found the following average absolute differences for the four matrixes: 0.9, 1.3., 1.4 and 2.0. As before, the highest average absolute difference (2.0) was associated with weighted and unweighted medians, and the smallest (0.9) with unweighted means and unweighted medians. The results of these analyses motivated us to restrict further evaluations to the unweighted arithmetic means.
Results

Sample characteristics
Considering only the initial sample size, that is, ignoring data for repeated measures, the sample sizes of the 38 samples included varied between 15 and 415 patients. The median sample size was 39.5 (mean 73.8; s.d. 88.6), and the 25 th and 75 th percentiles were 24 and 83.75, respectively. Eight samples had sizes of nX100. In total, these 38 samples comprised 2804 patients, 52.6% of whom received an allogeneic HSCT, with the remaining 48.4% receiving an autologous HSCT. In 14 of these 38 samples (covering 1102 patients), allogeneic and autologous HSCT were combined ('mixed samples'); 13 samples (804 patients) focused on allogeneic HSCT and 11 samples (898 patients) on autologous HSCT only.
Within the samples included, patients were either awaiting HSCT or had survived up to 24 years after transplantation. Most patients were examined before the start of HSCT treatment. As not every study included reported on each of the QLQ-C30 scales, for example, 30, 38, 40 the sample size on which the calculation of the mean of each scale was based varies (see Table 1 15, 28, 43 We found three significant differences when comparing the QLQ-C30 scores from the German samples to those from the non-German samples for all scales and measure points, that is, Po0.05 for 3 out of 105 comparisons.
Eleven papers stated that version 3.0 of the QLQ-C30 was used. In three papers QLQ-C30 version 1.0 was mentioned. Version 2.0 was mentioned in two and version þ 3 in one paper. No explicit information was given in the remaining 16 of the 33 papers.
QLQ-C30 scores
We compared scores from 'mixed samples' to the samples that comprised patients having allogeneic or autologous transplants only, respectively, for all 15 scales and 7 measure points. Some significant (Po0.05) differences were found, but considering the a-level accumulation for multiple tests, these findings probably were 'significant' by chance. A visual inspection of the graphical illustrations ( Figure 1) suggests that overall the group of patients having allogeneic transplants shows better functioning and less symptomatology than the autologous group for all but the last measure point, and the results of the 'mixed' group may be situated between those two groups. More than 3 years after HSCT there may be a change resulting in a slight advantage for the autologous transplants. But the differences between the groups in most cases are small, and the numbers of samples comprising a group are even smaller (for example, only one sample for the autologous group for measure points inpatient time, at discharge and up to 6 months after HSCT) and are therefore susceptible to random error. Thus, we decided to combine the groups into one for subsequent calculations.
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Split by measure points, Table 1 shows the central tendency and the range of the arithmetic means and s.d.s reported in the studies included into this analysis. Overall, the results show a clear decrease in functioning and an increase in symptomatology from the testing time 'before HSCT' to the testing time 'during hospitalization'. Scores 'during hospitalization' and 'at discharge' are the lowest for the functioning scales and the highest for the symptom scales, with two exceptions: for the symptom scales dyspnoea (DY) and financial difficulties (FI) only one of the two scores belongs to the two highest of all seven values.
With regard to the maximum difference between two measure points apart from 'hospitalization' and 'at discharge', we can roughly discriminate four groups with respect to the magnitude of these differences. The first group is characterized by quite stable scores, with a low maximum difference of 4 or 5: cognitive functioning (CF), constipation (CO) and sleeping problems (SL). The second group shows moderate maximum differences ranging from 6 to 10: emotional functioning (EF), nausea and vomiting (NV), pain (PA), dyspnoea (DY), and DI. Large differences (range 13-16) were found for global health (GH), physical functioning (PF), social functioning (SF) and FI, and very large differences (range 19-25) for role functioning (RF), fatigue (FA) and appetite loss (AP).
GH-global health
The clear decrease towards inpatient time is followed by a continuing moderate increase after discharge. One year and more after HSCT the maximum score (about 10 points above the pre-transplant level) is reached.
PF-physical functioning
The pre-transplant level seems to be reached between 7 and 12 months after HSCT. Thereafter only a slight improvement was measured in the sample. This course parallels that of GH albeit on a higher level (difference about 12 points). 
EF-emotional functioning
A minor decrease from 68 before transplant to 66 and 65 at inpatient time and discharge, respectively, and thereafter an increase by 10 points could be seen. The scores after discharge are practically on the same level (74). All seven scores for EF range from 65 to 75, that is, EF (besides DY) is the scale with minimal variation over time, even though when the two inpatient measure points were considered.
CF-cognitive functioning
The decrease seen towards inpatient time is reversed after discharge. Only slight variations were seen thereafter.
RF-role functioning RF reflects limitations in doing one's work or daily activities, as well as pursuing one's hobbies or leisure activities. While being an inpatient, opportunities for these activities are naturally limited, thus the decrease in RF seen after admission to hospital is not surprising. Although there is substantial improvement after discharge (13 points), the essential improvement (21 points) happens from the first to the second half year after HSCT. This corresponds to clinical experience and corroborates the practice of physicians in our transplant wards who advise patients that recovery takes up to 1 year.
SF-social functioning
SF addresses the impact of physical condition and medical treatment on family life and social activities. A moderate decrease is followed by an improvement during the first year after discharge. As with GH and RF, after at least 1 year after HSCT, SF exceeds the pre-transplant level by more than 10 points.
FA-fatigue
Of all nine symptom scales, FA has the highest score before HSCT (38) . FA increases during inpatient time and remains the prominent symptom throughout, that is, FA scores the highest in relation to all other symptom scales, even though through time it decreases to the (high) pre-transplant level. FA is a major concern persisting over time.
NV-nausea and vomiting; AP-appetite loss
Besides AP, NV is the symptom scale with the most substantial increase from the pre-transplant to the inpatient time (50 þ points). After discharge it continuously decreases over time. Three and more years after HSCT, the symptom scale NV has the lowest score overall. After discharge, NV could be considered a minor problem (scores p8), but AP remains a problem for up to 6 months. Beyond 6 months, it, too, seems to be a minor problem (scores p10).
PA-pain
Pain increases during inpatient time, returning to its pretransplant level after discharge. With mean scores of about 20 points, PA seems so be a significant problem for only a few patients, with most being less distressed. 
DI-diarrhoea
During inpatient time, DI shows a large increase of 34 points. The pre-transplant level is reached after discharge, and further slight improvements could be seen thereafter, reaching a minor problem level (10 points).
DY-dyspnoea
Like EF, DY is another scale with minimal variation over time. For all testing times, mean scores were between 19 and 29 points. No significant impact of treatment during inpatient time could be observed. Dyspnoea must be considered as a moderate, but persistent, problem.
SL-insomnia
Sleeping problems increase during inpatient time and return to the pre-transplant level after discharge (about 25 points). This seems to be a persistent symptom on a rather high level, although not reaching the level of FA.
FI-financial difficulties
The financial impact of the disease and its treatment are relevant at all times (scores ranging from 23 to 36).
With one exception, namely GH, the highest s.d. for each scale is reported for the time during hospitalization. For 10 scales, the s.d. reported for the time of discharge is the second highest. Ignoring the two inpatient periods, the s.d. for the other time periods varies only slightly (p6 points) with the exception of DI (8 points), NV (12 points), DY (13 points) and AP (16 points).
Regarding the last two measure points, the difference for reported values is 5 points for DY and CF, 4 points for FI and p3 points for all other scales. For most of the scales these differences do not change when the period '7-12 months after HSCT' is included.
Discussion
In 33 papers we identified 38 different samples of patients receiving HSCT who filled in the QLQ-C30. In total, our review covers data from about 2800 patients. Table 1 shows these data, differentiated by time span from measurement to HSCT. As an instrument of the EORTC-unsurprisingly-the QLQ-C30 was applied primarily in studies from European countries, mainly Germany.
With respect to the functioning scales, the two more physically based scales PF and CF were initially on a higher level (about 80 points) than the more psychologically based scales GH, EF, RF and SF (about 63 points); out of these six scales, PF reaches the highest level for the period '3 years and more after HSCT' (86 points). The other five scales score at about 75 points. A decrease in symptoms back to pre-transplant level was visible in most cases, in some even an improvement. The impact of treatment during inpatient time is seen on almost all scales, with some exceptions: DY emerged as quite stable over time, and no striking increase from pre-transplant time to inpatient time was seen for CO and FI (9 points). The increase exceeded 20 points for all other scales.
In general, quality of life decreases directly after HSCT, increases towards the discharge time and improves further thereafter. After a year, the level of HRQoL as measured during the weeks before HSCT is reached, and further increases may be seen. PF is the scale reaching the highest level of all scales. Fatigue, dyspnoea and insomnia are symptoms that remain on a level with scores X20 and should thus be considered persisting problems after HSCT, with scores above the general population.
We compared patients undergoing allogeneic and autologous transplantation. Although we could not show a statistically significant difference between the three kinds of samples, an inspection of the graphical comparisons suggests that the allogeneic transplants may show better quality of life than autologous transplants, that is, higher functioning and lower symptomatology, but in the long run the chances may reverse. We therefore suggest that research papers in the future should separate quality-of-life data for allogeneic and autologous transplants if both treatment modalities were studied together. A finding that corroborates this suggestion is the study by Loberiza et al. 57 who found a significant difference between autologous and allogeneic transplant patients with respect to depression, depression potentially being a risk factor in the immediate pre-transplant period. 58 The QLQ-C30 is a developing instrument. It is likely that in some of the studies reviewed in which information about the version of the QLQ-C30 was not provided, version 1.0 was used. The missing statement may be because of the fact that at that time no other version was under discussion and therefore no uncertainty could be anticipated. For our review, this missing information did not present any major problems, but nevertheless, studies to come should explicitly state the version that was used for data collection.
That diagnoses are given should be taken for granted; not doing so, as was the case in one study, 31 should be the exception. With respect to descriptive information about the samples and purpose of our review, we would have welcomed descriptive statistics about the actual samples for which QLQ-C30 data were presented. For example, in one study 52 pre-transplant characteristics (such as gender, age, diagnosis) were shown for 155 patients, but QLQ-C30 data were available for only 106 patients, that is, about one-third of the sample was missing; the question must therefore be raised if descriptive information is representative for QLQ-C30 data. Such an attrition of patients is seen most notably in longitudinal long-term studies with repeated measures, for example, in one study with four measure points 43 the numbers of cases over 4 years were 415-217-117-35, but descriptive data were reported for the sample of 415 patients only.
Most of the samples analysed were small, range 15-40. Only one-quarter of the samples had sizes above 83.
Especially for longitudinal studies with repeated measures, significant drop-out rates are problematic. One of 3 patients must be expected to drop out during the first year after HSCT: the ratio of patients not interviewed at a specific time after HSCT to patients interviewed before HSCT was 36% at 100 days, 38 33% at 6 months, 37 and 33 39 and 35% 29 at 1 year after HSCT. This ratio increases with time after HSCT, for example, 42% at 3-5 years after HSCT. 27 If we consider evaluating interventions and comparing, for example, two groups with a ¼ 5% and power ¼ 80%, we need 64 cases in both groups to detect a significant difference of a 1/2 s.d. (assumed to be equal in both groups), 59 that is, the total sample size should at least be 128. To detect smaller effects the necessary sample size increases and, depending on study purpose, drop-outs must be considered. These considerations highlight the difficulties in clinical studies. The problem of missing values in these instruments exacerbates the situation particularly when patients are requested to fill in questionnaires.
From the studies providing normative data for the general population, [8] [9] [10] [11] we learned that differences exist between men and women, and between age groups. Roughly summarized, men report better functioning than women, and with increasing age less functioning and more symptoms are seen. These topics were rarely discussed in the studies reviewed, and data opposing different sociodemographic groups were not provided. Therefore, the distribution of these tendencies in the population of HSCT patients remains unclear. A central registry (for example, run by the EORTC Quality of Life Group) would be helpful in collecting such data and would increase the data basis for reference scores. Further, such a registry could gather data to decide on the hypothesis raised by Fayers 12 about intercultural differences between Germany and Northern European countries. We found no convincing evidence that the scores from German samples differ substantially from those from non-German ones. This fact does not rule out the existence of intercultural differences, but it may be seen as a hint that these differences probably are small. To decide on their clinical relevance remains an unanswered empirical question.
The courses over time, as outlined above, do not necessarily reflect the courses of the individuals. The question of how much patients follow these courses that were developed by comparing group data over time remains unanswered. The group data suggest a statement to the patient like: 'in one year you will probably have reached your pre-transplant level or improved somewhat.' But we do not know for how many patients this forecast will hold true. There is still a proportion of patients who suffer from long-term side effects, such as chronic GVHD, 60 and do not reach their pre-transplant level of HRQoL. Syrjala et al. 61 concluded from their long-term study that full recovery is a 3-to 5-year process; that is, the 1-year perspective might be too optimistic. For the individual patient it would be helpful if we could provide a more tailored prognosis on the course of recovery and the HRQoL to be expected.
There are several rules of thumb about how to interpret differences between two scores on the QLQ-C30. One paper states that a difference of about 10-15 points should be considered clinically significant. 3 A more differentiated view is provided by Osoba et al. 62 who quantified changes as reported by patients: a 'little' change corresponded to differences in the range of 5-10 points on the QLQ-C30; a 'moderate' change corresponded to differences of 10-20 points; and 'very much' change corresponded to differences above 20 points. King 63 pointed out that in patient groups with decreased health status, higher s.d.s were found than in groups with better health. This means that the minimal difference significant in the clinical setting depends on the clinical context, and therefore no general rule can be given. Fayers et al. 4 summarized other research in that patient reports of a moderate change were associated with an absolute change of 10% on the respective qualityof-life scale, and a small change was associated with an absolute change of 5-10% on the scale, irrespective of the instrument used. These numbers resemble those reported by Osoba et al. 62 Furthermore, Fayers et al. 4 see these results as consistent with the concept of Cohen's effect size. 64 King's 63 25 . For the other symptom scales, the picture is less clear. For NV, AP, DI and DY the mean score for symptomatology as well as the corresponding s.d.s decrease over time. In these cases a single number might be appropriate for measurements 1 or more years after HSCT, but not for the periods before. Table 1 can be considered as the essence of our review and provides reference data that allow putting in context QLQ-C30 scores of HSCT patients at different points during their disease trajectory. No simple rule of thumb for all situations can be made as central tendency as well as variation of QLQ-C30 scores vary over time (and from study to study as can be seen from the given ranges). But if such a simplification were needed, a very conservative recommendation would be to set the s.d. at 30 points. Doing so, one could be quite sure of having found a clinically significant change if the difference of two scores exceeds 15 points. With respect to the variation of the reported numbers and the different sample characteristics we would not put too much weight on differences below 5 points.
Conclusion
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For reports on QLQ-C30 data in the future we recommend to explicitly state the version of the QLQ-C30 that was used, to report information about the diagnoses, to differentiate between men and women, and to report scores separately for autologous and allogeneic transplants.
